The objective of the current work was to assess various novel and underutilized feeds and thus increase the awareness of various novel feeding solutions to support organic and low-input dairy production. A set of various feeds representing high protein feeds, by-products from distilling, wineries, fruit and vegetable production, whole crop cereals, agroforestry and woodderived materials were collected from Spain, Romania, UK and Finland and analysed for chemical composition and digestibility. The results can be used to aid in exploiting the potential of different feed resources and in ration formulation, and to demonstrate potential to widen the basis of feed supply on organic and low-input dairy farms. The use of various by-products as animal feeds allows in many cases to add the economic value of them, and may provide an environmentally sound method for disposal of the by-product materials. As organic food and beverage manufacturing increases in volumes, it creates opportunities for organically labelled by-products. This would result in higher value for the manufacturer and provide useful additional feedstuffs to be used in organic animal production.
Introduction
The quantity and quality of available feed resources is a key determinant of an animal production system output and overall profitability. Organic and low-input dairy systems are unique in their high reliance on internal forage resources which will at least temporarily limit system productivity and may inevitably require production goals to be adjusted (Schiere et al. 1999; Zollitsch et al. 2004 ). This, together with increased volatility in feed prices, highlights the need for a broadening of feed resources and the utilization of novel feed components that are currently underutilized. The innovative use of novel and underutilized feed resources has the potential to improve the efficiency of farms and exploit the opportunities of the "green economy" within animal production.
Increasing the supply of new feed ingredients acceptable in organic production would in many cases allow for an increase in the supply of organic milk, and farm flexibility in terms of feeding strategies and overcoming potential periods of feed shortages. The feed samples obtained for the current data set were generally not labelled organic at this stage. Most of the forages screened were produced using similar management routines as in organic production. For by-product feeds, the organic label is a challenge as it would require the whole production chain to be labelled organic, and keeping the by-product streams separate at the processing and distribution stages. As organic food and beverage manufacturing increases in volumes, it simultaneously creates opportunities for organically labelled by-products. This would result in higher value for the manufacturer and provide useful additional feedstuffs to be used in organic animal production.
Certain trends within the agricultural sector are visible which have resulted in the emphasis on certain feed types in the present work. They include (1) the need to alleviate the deficit of protein crops in Europe (European Parliament 2011), (2) the increase in different types of by-products related to emerging industries in Eastern European countries and biofuel crops across Europe, (3) the need to improve the efficiency in the use of byproducts from food and non-food processing industries and (4) the need to promote on-farm produced feeds.
Based on a literature review , there is a wide variation in the potential novel and underutilized feed resources to be used in organic and low-input dairy systems. This variation is caused by the diversity of the raw materials and variability in raw material composition, which is then further diversified by the processing technologies applied. Efficient use of less known by-products may be impaired when their feed values are estimated inaccurately or knowledge of their specific characteristics is lacking. As usual, the differences in feed values between different feed materials start from the chemical composition. This work aimed to fill some of the knowledge gaps by screening the quality of selected feeds using laboratory and in vitro methods in order to facilitate their use in organic and low-input dairy production.
Material and methods
A sample set of various novel and underutilized feeds was collected from Finland (FI), Spain (ES), Romania (RO) and United Kingdom (UK) in order to evaluate their potential as feed ingredients for organic and lowinput dairy production. The chemical composition was analysed using standard procedures in the participating laboratories following guidelines of AOAC. The fatty acid composition was analysed by gas chromatography upon SR CEN ISO/TS17764-1/2008. The method used for amino acid analyses was high-pressure liquid chromatography upon SR EN ISO 13903/2005. The in vitro digestibility of the samples originating from FI was measured using a pepsin-cellulase incubation according to Huhtanen et al. (2006) and for samples originating from ES, according to Martín-García et al. (2004) . Not all samples were analysed using all methods depending on the relevance for different sample types and due to differences between the practises in different countries.
The in vitro gas production incubations in the laboratory of MTT, FI were conducted using the equipment supplied by ANKOM Technology (Macedon, NY, USA). In brief, 0.5 g of air dry sample was weighed into 250-ml glass bottles with 60-ml buffer solution and 20-ml rumen fluid. All samples were incubated at least in triplicate. In addition, there were three blank bottles in each incubation with only buffer and rumen fluid included to measure gas production in the absence of feed sample. Cumulative gas production (GP) was recorded every 15 min for the 96-h incubation period. Rumen fluid was collected from two ruminally fistulated Nordic Red cows fed a forage-based (600 g/kg DM) diet. For each sample, a mean cumulative GP curve was calculated. The two-pool Gompertz function was fitted to cumulative gas production profiles by the NLIN procedure (SAS Inst. Inc., Cary, NC, USA). The total volume of gas produced was calculated as the sum of volumes of the pools 1 and 2 from the two-pool Gompertz model, and it represents the asymptote of the cumulative gas curve. A dynamic, mechanistic rumen model was used to predict the simulated in vivo digestibility of the potentially digestible dry matter (DM) and the rate of digestion as described by Huhtanen et al. (2008) .
Results
The chemical composition of different types of feeds derived from FI, UK, RO and ES are presented in Table 1 . The range in chemical composition and digestibility was large between different types of feeds, as expected. Legume seeds and oilseed cakes had the highest crude protein (CP) concentrations while some vegetable wastes and by-products were very low in CP and the wood-derived hemicellulose extracts had virtually no CP. Highest digestibility values were obtained for some vegetable products, the whole crop cereal stands were intermediate and willow materials the lowest in digestibility. By-product feeds from the Romanian feed market were studied in more detail, and their fatty acid and amino acid profiles are presented in Tables 2 and 3 , respectively. The in vitro digestion kinetics results in Table 4 show that the wood-extracted hemicellulose fractions had a faster rate of digestion than whole crop cereal stands or willow material.
Discussion

Protein feeds
Low protein self-sufficiency has created concern at European level. The advantages of a more balanced supply and consumption of domestic protein crops as part of an integrated strategy responding to new challenges like climate change, agricultural biodiversity loss, depletion of soils, and pollution of groundwater and price volatility for agricultural products on the world market have been pointed out (European Parliament 2011). The cultivation area of grain legumes pea and beans has decreased at European level from 4.7 in 1961 to 1.8 % (European Parliament 2013). This work was conducted as part of a project SOLID (Sustainable Organic and Low-Input Dairying; www.solidairy.eu) and one of the major findings from the farmer and stakeholder activities from the project has been the great interest in improving protein feed production in order to improve the protein feeding of the dairy animals and protein selfsufficiency at farm level.
Grain legumes are well-suited to organic farming practises as nitrogen fixing plants, and are easily incorporated into animal feeding. The growing conditions in northern Europe become limiting for grain legumes, but the samples obtained from Finland show that relatively typical seed composition could be obtained even under those conditions. When compared to published values from Feedipedia (2014) , the CP concentrations were comparable (306 vs. 290 g/kg dry matter (DM) for faba bean, 197 vs. 239 g/kg DM for pea and 330 vs. 338 g/kg DM for blue lupin in the current data set vs. Feedipedia, respectively). The challenges remain in obtaining a high yield and minimising the annual variation in yield so that farmers would see the economic incentives in including them into crop rotations.
Another protein feed source is the cakes (also called expellers) from the cold-extraction of oils from various oilseed plants such as rapeseed, Camelina, safflower, etc. The potential use of these cakes within organic dairy production system is favoured by the practices of contracting the harvest to oil-extracting companies and receiving back the cakes. In many cases, the oil processing is mechanical, i.e. suitable for organic systems, where solvent use for oil extraction is not accepted. The use of oilseed cakes is generally well-accepted in dairy cow nutrition and there is evidence that rapeseedbased feeds may even be superior as a protein source compared with soya-based feeds (Huhtanen et al. 2011) .
In small-scale production of oilseed cakes, the residual oil concentration in the cake is variable and often very high. This was demonstrated by one on-farm pressed rapeseed cake from FI with an ether extract (EE) concentration of 281 g/kg DM. This is clearly higher than in industrially pressed cakes (98 g/kg DM, MTT 2014). The high EE concentration serves as an energy source for cows and may also have positive effects on the milk fatty acid composition in terms of human health (Halmemies-Beauchet-Filleau et al. 2011) . On the other hand, unnecessarily high EE concentration in the feed may interfere with rumen microbial digestion and may also cause economic losses for the pressing plant. The high and variable EE concentration also emphasizes the need for frequent analysis of feed batches.
For some of the protein-rich by-products (e.g., Camelina meal and pumpkin seed meal), the residual fat showed high concentrations of some fatty acids which are relevant from the consumer's point of view. Their systematic use in animal diets may constitute the basis for obtaining premium products (enriched in healthy fatty acids), provided specific conditions are met (large enough dietary inputs, etc.). Such effects were already demonstrated for some of the byproducts (e.g. Hurtaud and Peyraud (2007) and Halmemies-Beauchet-Filleau et al. (2011) for Camelina meal). However, substantial work still has to be conducted for accurately assessing the effects of dietary fatty acids on product quality for each of the relevant by-products.
In some cases, certain feeds may be locally available. In this data set, meals from pumpkin and poppy seeds as well as wheat germs meal were obtained. Based on the proximate analysis, they seem to be well-suited to dairy diets with relatively high CP and EE concentrations.
The ash concentration of poppy seed meal was rather high, which may have implications on mineral feeding of the animals, and also dilutes the energy and protein values of the feed.
By-products from distilling and wineries
Feeds from ethanol production from cereals, particularly corn, are commonly used in animal nutrition, and the current samples obtained from the Romanian feed market were typical. This is important for by-products obtained from corn milling (corn distillers' grains and corn gluten feed), which are available in high and increasing quantities; this suggests that processing technologies in Romania are similar to those used worldwide. There is, however, less experience of using wastes from wine production such as grape marc, grape peels and grape seed meal in animal nutrition. The proximate analysis indicates that the nutritional value of these products may be limited with low CP (on average 118 g/kg DM) and high neutral detergent fibre (NDF) (on average 668 g/kg DM) concentrations. However, there are substantial quantities available of the winery industry residues and, in the absence of correct disposal methods, they raise environmental concerns. As in the case of most by-products, one of the most efficient ways of valorisation is their inclusion in animal diets. The fibrous products with low protein value are most suitable for ruminant feeding. The rather low nutritive value makes them more suitable for low-input than conventional systems. They may prove particularly useful in situations of feed shortages. They can be used in organic production systems provided they result from the production of organic wine. The profiles of fatty acids and amino acids show interesting concentrations of desirable components (polyunsaturated fatty acids, essential amino acids), but their low content of fat and protein hinder their utilization.
Fruit and vegetable by-products
A recent report from FAO (Wadhwa and Bakshireveals 2013) reveals nearly 50 % of all fruits and vegetables in the European Union to go to waste, with losses occurring during agricultural production, processing and distribution in the supermarkets and by the consumers. Although intense research effort is currently being undertaken to increase efficiency to minimize waste production, there are some unavoidable losses that come from storage conditions, juice production and market requirements. This represents a significant annual volume of potential feed that can be incorporated into animal feeding. The majority of fruit and vegetable wastes are highly fermentable and perishable, mainly because of high moisture (808-900 g/kg), total soluble sugars (60-640 g/kg DM) and crude protein (100-240 g/kg DM) contents (Wadhwa and Bakshireveals 2013). The current analysis revealed tomato and cucumber wastes very low in DM, while the citrus fruit wastes were remarkably higher. The vegetable wastes had rather high digestibilities, while citrus fruits were somewhat lower followed by citrus leaves and olive by-products. During the peak production or processing season, large quantities of fruit and vegetable by-products are available and cannot be consumed at the same pace as they become available and thus become surplus and can cause environmental pollution. Suitable methods should be adopted to conserve such resources so that these can be fed to the livestock throughout the year or specifically during the period of low green fodder production. Ensiling both olive oil and tomato by-products is feasible and provides a cheap way of preserving material that is high in moisture. Both tomato (together with straw) and olive silages were successfully produced and the DM digestibility of the ensiled material ranged from 590 g/kg DM for olive pulp and leaves silage to 751 g/kg DM for tomato silage. Based on the composition observed in this study, it is suggested that olive byproducts could replace medium-quality roughage, while tomato-derived feeds may partially replace cereal grain in the ration of ruminants, which would contribute to reducing the feeding-associated costs on the farm.
Whole crop cereal forages
Novelty is a relative term. A good example of this is maize silage, which is a very common feed plant in central and southern Europe, but novel in northern Europe. The length of the growing season under Finnish conditions rarely allows the maize cobs to fully develop. According to Feedipedia (2014) , the average (of the four options presented) maize silage DM and starch concentrations are 303 and 249 g/kg DM, and according to NorFor (2014; five options presented) 316 and 287 g/kg DM, while in the Finnish samples, they were only 162 and 92 g/kg DM (Table 1) .
However, maize has been rather recently widely adopted in, e.g. Ireland (Keady et al. 2008) , and some reports are already available about successful production of maize silage in Northern Sweden (Hetta et al. 2012) . Indeed, Peltonen-Sainio et al. (2009) have predicted that according to the climate change scenarios, forage maize could became more common field crop also in the Northern Europe. The changing climate conditions will gradually result in changes of the plant species used for feed production.
Some feed plants may have been known since ancient times, but have recently been used only rarely. In new situations, they may have potential. The use of legumes is of particular interest for organic farms. Harvesting grain legumes grown as mixtures with cereals and harvested as whole crop has given promising results under northern European conditions (Nykänen et al. 2009 ), where successful seed production of these species is unsure. These results were confirmed in the current data set for faba bean and pea whole crops as pure stands or in combinations with cereals (wheat or oats) as they resulted in reasonable feed values even when grown in Northern Finland.
As previously shown, maize silages is not a feasible option under northern European climatic conditions, but small grain cereals such as wheat and barley offer several of the benefits that maize has. The inclusion of grain legumes into the mixture has additional benefits as a nitrogen-fixing plant can be included into the crop rotation. Furthermore, the CP concentration and energy value of the leguminous part of the crop are higher than those of the cereal, which improve the usability of the feed in dairy rations, where needs for protein and energy are typically very high. An additional benefit of including whole crop cereal-based feeds into dairy rations is the increased intake when a more diverse forage mixture is offered to cows (Huhtanen et al. 2007) .
The current data of the whole crop cereal samples was obtained from the standing crops and dried in the laboratory for analyses. When used as feeds, the crops would be ensiled for subsequent use during indoor feeding period. Ensiling of bi-crops of legumes and cereals is typically successfully done (see, e.g. Pursiainen and Tuori 2008) , but low DM concentration may cause remarkable effluent losses. The DM concentration of the crop is, however, very variable depending on the weather conditions during harvesting. Substantial harvesting losses of the seeds may occur particularly if the crop is first mown and separately harvested. Directcut systems are recommended to minimize harvesting losses.
Agroforestry and wood-derived products Agroforestry, the integration of trees and agriculture, is valued as a multifunctional land use approach that balances the production of commodities (food, feed, fuel, fibre, etc.) with non-commodity outputs such as environmental protection and cultural and landscape amenities (IAASTD 2008) . Browse from trees and shrubs plays an important role in feeding ruminants in many parts of the world, particularly in the tropics, and there has been considerable research into the nutritional potential and limitations of many tropical fodder species, but comparatively little is known about the potential of temperate browse species.
The samples of the current data set contained leaves and small branches (less than 8-mm diameter) from a short rotation willow coppice intended for both energy and feed production (see . The digestibility was rather low measured both using the enzymebased in vitro digestibility method and by rumen microbes in a 96-h in vitro incubation. Although the feed values were low, willow may have a role in multifunctional systems, where it can provide additional values in grazing situations such as microclimate benefits for livestock and a range of ecosystem services. From the same sample material, it was previously demonstrated that even ensiling of willow material was possible (Smith et al. 2014) .
Wood is the most abundant source of carbohydrates worldwide. The principal components of wood are cellulose (400 to 450 g/kg DM), hemicelluloses (200 to 300 g/kg DM) and lignin (200 to 300 g/kg DM), which comprise more than 900 g/kg DM of wood, the rest consisting of protein, minerals and other components (Sjöström 1993). Ruminants naturally utilize cellulose and hemicelluloses as major components of their diets, although they typically originate from grasses (Van Soest 1994) . In a search for novel feed resources for ruminants, wood processing by-products provide an intriguing possibility and the wood-derived hemicellulose products from a pressurized hot water extraction (PHWE; Leppänen et al. 2011 ) represent a novel industrial by-product.
The samples used here were extracted from spruce (Picea abies), comprised mainly of galactoglucomannan (GGM), and from birch (Betula pendula), consisting mainly of xylan. Previous studies had shown that arabinogalactan from larch (Larix sibirica) was not readily fermented by rumen microbes . The usual methods for feed analysis such as NDF extraction and pepsin-cellulase solubilisation were not suitable for the PHWE hemicelluloses because of their water solubility.
Various types of wood molasses have successfully been used without deleterious effects on animal health and productivity or animal products, which indicates that there are no biological obstacles for incorporating them into ruminant diets (e.g. Herrick et al. 2012 ). The current material had a rather high-energy value for ruminants based on current measurements, and in a preliminary feeding experiment, it could be given to dairy cows without harmful effects in a liquid form (Kautto et al. 2014) . However, in an in vivo digestibility trial for sheep, the organic matter digestibility of GGM was rather low, only 0.591 (Sormunen-Cristian et al. 2012) .
The main factors determining the usefulness of wood by-products as feeds are the availability of suitable products and the cost relative to alternative feeds. Wi th an i ncreasingly sophisticated bioeconomy, ruminants may play a role in utilizing wood-products such as hemicelluloses, which have little value for other uses, e.g. in paper milling or as an energy source. The hemicellulose extracts contain very little N and P, which may be a further advantage in the form of increased nutrient use efficiency, if the basal diet is high in those nutrients. Currently, there is no supply of hemicellulose products produced by PHWE for feed markets, but it would provide an opportunity in case of, e.g. crisis situations.
Implications
Based on the current sample set, the range of potential novel and underutilized feeds is large. The current results can be used to assist in exploiting the potential of different feed resources and in ration formulation. Improved supply of feeds may be particularly favourable in situations when the basal feed supply is reduced due to, e.g. adverse weather conditions. The economic effects of use of novel feeds is highly dependent on the pricing of the feeds but may in many cases be expected to be positive. Widening the type of on-farm produced feeds may also have beneficial effects beyond simply feed supply such as improved crop rotation, self-medication, microclimate or other ecosystem services. In some cases, use of novel feeds may also include risks, e.g. to animal health (antinutritional factors), milk quality or consumer acceptability, and these factors must be kept in mind, and studied as appropriate, when innovative animal production solutions are developed.
